The N2pc component of the event-related potential (ERP) is an index of visual^spatial attention. It is not clear whether the N2pc re£ects pure top-down attentional activity or an interaction of top-down activity with bottom-up sensory activity. Here, we manipulated stimulus intensity of the items composing the target display. Although the amplitude of the P1 component increased monotonically with increasing stimulus intensity, the amplitude of the N2pc did not vary with stimulus intensity. Instead, the onset latency of the N2pc was delayed for weaker stimuli, suggesting that the strength of the selection cue (target color) in£uenced the moment at which attention was deployed. The results reveal one way in which early sensory ERP amplitude di¡erences are converted into later latency di¡erences. NeuroReport 18:1627^1630
Introduction
Event-related potential (ERP) components can be used to track with high temporal resolution specific neural processes interposed between the presentation of the stimulus and the overt response. The ERP component of interest in this study, which has been labelled N2pc (N2 posterior contralateral) [1] [2] [3] , has become a particularly valuable tool in the study of visual-spatial attention, and has been used successfully to investigate serial deployment of attention in visual search [4] , attentional capture [5, 6] , effects of pattern masking on spatial attention [7] , dual-task interference in the context of the attentional blink [8] [9] [10] and of the psychological refractory period [11] [12] [13] , change detection [14] , target-distractor interference [15] , and the interdependence of spatial attention and lexical access [16] . It has also been used to investigate possible long-term attentional deficits in multiple concussed athletes [17] .
As its name indicates, the N2pc is usually observed in the N2 time window (i.e. around 180-280 ms posttarget onset) and is maximal at posterior electrode sites contralateral to an attended item. The N2pc can be isolated by subtracting activity at ipsilateral electrode sites from the corresponding activity at contralateral electrode sites (e.g. PO7/8).
Although it is widely accepted that the N2pc is a valid index of covert visual-spatial attention, the exact processes that underlie the N2pc are still debated. For example, Luck and colleagues [1, 3] have suggested that the N2pc reflected distractor suppression processes, whereas others have argued that the N2pc reflected target enhancement processes [2] . The goal of this study was to clarify how attentional selection leading to the N2pc interacts with sensory properties of the target stimulus. In this way, we wished to clarify whether (and if so, how) bottom-up activation produced by the stimulus interacts with attentional selection to produce the observed N2pc wave.
In a previous study [18] , we explored this question by varying the duration of the bottom-up signal by manipulating stimulus duration. The N2pc was smaller for the longest duration (350 ms) than for the two shorter durations (50 and 200 ms), a result that was opposite to what would have been predicted by the hypothesis that bottom-up activity positively interacts with attentional selection to produce the N2pc wave. The precise durations and rates of firing of cells in the visual system in which N2pc originates as a function of stimulus duration, which likely have some degree of persistence, however, are unknown. Thus, it is not certain that our manipulation of stimulus duration had an effect on the period of sustained bottom-up activity in early visual cortex that could be modulated by attention. For these reasons, we considered this previous study only as an initial exploration of the possible effects of bottom-up activity on the N2pc.
In this article we further explored the possible effects of bottom-up activity on the N2pc by varying the width of the strokes (growing toward the inside) in a simple target shape, whereas maintaining overall size and stimulus duration constant, as illustrated in Fig. 1 . The effect of the manipulation was mainly to vary the intensity of the stimulus. To evaluate whether our parameters succeeded in modulating bottom-up activity, we measured the P1 component, a sensory-perceptual component known to increase in amplitude with increasing bottom-up activity [19] . If the N2pc reflects a positive interaction between sensory bottom-up activity and attentional top-down activity, then the N2pc should increase in amplitude with stimulus intensity, as the P1.
Methods
Participants Twenty-three paid volunteers participated in this experiment. One participant had to be excluded because of technical problems. Thus, 22 participants (12 women), aged 20-36 years (mean age: 23.6 years), remained in the sample. All participants were neurologically intact and reported having normal or corrected-to-normal visual acuity and color vision. Written consent was obtained from each participant at the beginning of the experiment. The procedure was vetted by the appropriate ethics committee at the Université de Montréal.
Stimuli
Participants were seated in a dimly lit, electrically shielded room, facing a computer screen, at a viewing distance of 57 cm. A symmetrical display was presented for 100 ms on a dark-grey background (1.1 cd/m , and a feedback on average reaction times (RTs) and accuracy was provided after each block. Participants initiated each trial by simultaneously pressing the response keys assigned to the left and right index fingers (see below). The feedback disappeared, immediately replaced by the fixation point. After a random interval between 400 and 800 ms, the visual display was presented for a duration of 100 ms. All three line-width conditions were randomly presented equally often in each block.
A speeded four-choice response was required on each trial, as to the location of the gap in the target-colored square. Two adjacent response keys on the middle row of the keyboard, on the left side, and two adjacent keys on the right side, were assigned to the middle and index fingers of the left and right hand, respectively. The fixation point disappeared after 900 ms or after response, at which point the feedback symbol appeared. Participants were instructed to maintain central eye fixation throughout the trial and to blink only when the feedback was on the screen.
Electrophysiological recording and analysis A BioSemi ActiveTwo system (BioSemi Inc., Amsterdam, Netherlands) was used to record the EEG from 64 active Ag/AgCl electrodes mounted on an elastic cap and referenced to the average of the left and right mastoids. Electrodes were placed according to the International 10/10 system. The horizontal electrooculogram (HEOG), recorded as the voltage difference between electrodes placed lateral to the external canthi, was used to measure horizontal eye movements. The vertical electrooculogram (VEOG), recorded as the voltage difference between two electrodes placed above and below the left eye, was used to detect eye blinks. A bandpass filter of 0.1-40 Hz was applied and the EEG and EOG signals, digitized at 256 Hz, were averaged offline.
Trials with eye blinks (VEOG 480 mV), large horizontal eye movements (HEOG 430 mV), and/or artefacts at electrode sites of interest (i.e. 480 mV at O1, O2, PO7, PO8, P7, and/or P8 electrode sites) were rejected. No participants had more than 50% of trials rejected. An average of 83% of trials remained after artefact rejection in all three line-width conditions. None of the participants had residual eye movements that deviated more then 0.21 (i.e. HEOG 43.2 mV) towards the target after rejection criteria was applied [20] . The HEOG criterion was lowered to 23 mV for one participant so that the residual HEOG would be less than 3.2 mV.
The EEG was averaged starting 200 ms before the visual display onset and ending 500 ms postvisual display onset, and baseline corrected based on the 200-ms previsual display period. ERPs were computed at posterior O1, O2, PO7, PO8, P7, and P8 electrodes, in which the P1 and N2pc are usually observed, and then pooled (pooling means that the waveforms for these electrodes were averaged to create a single average waveform for the pooled electrodes) to increase the stability of the waveforms. ERP measurements were obtained from the pooled waveforms. The N2pc measurements were obtained from the contralateral (average of left-sided electrode with right visual-field target and right-sided electrode with left visual-field target) minus ipsilateral (average of left-sided electrode with left visual field target and right-sided electrode with right visual field target) difference waves. In these difference waves, a negative deflection corresponds to a greater negativity over the hemisphere contralateral to the target. For the P1 measurements, ipsilateral and contralateral waveforms were collapsed. 
Results

Behavioral results
Only trials with correct response were included in the RT analyses, and outliers were excluded using the method described in Van Selts and Jolicoeur [21] . RT and accuracy for each line width condition are presented in Table 1 . An analysis of variance (ANOVA) was performed with linewidth conditions (thin, medium, or thick) as a withinsubject factor. Mean RT was longer in the thin-line stimulus condition relative to the other two conditions [F(2,42)¼9.00, MSE¼611.73, Po0.001], whereas accuracy did not vary across line-width conditions [Fo1] . Electrophysiology P1 Figure 2a shows the average ERP (ipsilateral averaged with contralateral). P1 measurements (mean amplitude during the 110-130-ms postvisual display time window) were submitted to an ANOVA in which line width (thin, medium, or thick) was included as a within-participant factor. An effect of line width [F(2,42)¼6.03, MSE¼0.426, Po0.005] was observed, indicating that our parameters efficiently modulated bottom-up activity.
N2pc
The N2pc difference waves for the three stimulus width conditions are shown in Fig. 2b . N2pc measurements (mean amplitude during the 170-250-ms postvisual display time window) were submitted to an ANOVA in which line width (thin, medium, or thick) was included as a within-participant factor. A marginal effect of stimulus intensity [F(2,42)¼6.53, MSE¼0.098, Po0.052] was observed.
To evaluate whether this marginal effect was driven by amplitude differences and/or onset latency differences, we applied an additional 10 Hz low-pass filter to the pooled waveforms and peak amplitude and latency measures were obtained. No effect of line width on peak amplitude was observed [F(2,42)¼1.55, MSE¼0.165, P40.22]. The time at which the waveforms reached À0.4 mV was measured and analysed using the jackknife method [22, 23] . This analyses revealed a main effect of line width on N2pc latency [F corrected (2,42)¼12.10; Po0.0001], an effect mostly driven by a delay in the thin-line condition (192 ms) compared with the medium (169 ms) and thick line (167 ms) conditions, as confirmed by subsequent comparisons in which a significant effect was observed between the thin condition and the mean of the thick and medium conditions [F corrected (1, 21) ¼28.22, Po0.0001], and no effect was observed between the thick and medium conditions [F corrected o1].
Discussion
The goal of the present experiment was to investigate the effect of low-level stimulus parameters related to signal intensity on the N2pc. We manipulated the width of strokes used to construct simple shapes (Fig. 1 ) that served as targets and distractors in a simple search/discrimination task designed to elicit an N2pc response. This manipulation produced a clear monotonic effect on the P1 component, which grew in amplitude as stimulus intensity increased. This result shows that we successfully increased bottom-up neural activity as stimulus intensity increased. The N2pc amplitude, however, was not modulated by stimulus intensity. This result indicates that N2pc amplitude is relatively insensitive to parameters of the items contained in a search display that modulate bottom-up activity at the attended location. According to the present findings, the increase of N2pc amplitude in the presence of nearby distractors [3] cannot be caused by an interaction between bottom-up activity associated with additional stimuli in an attended region, and a top-down modulation (i.e. gain control [24] ) of the sensory response of the cells with receptive fields in the attended region (for a more detailed discussion of this possible account, see Ref. [18] ). Rather, the present results favour the hypothesis that the increase in N2pc amplitude with nearby distractors is due to the greater attentional demands required to separate the relevant target item from the irrelevant distractor item, either by suppressing the distractors [1, 3] or by enhancing the target [2] , as previously suggested. Although stimulus intensity did not affect the N2pc amplitude, it had an effect on the latency of the component: the N2pc was delayed in the thin-line condition relative to the other conditions, with no difference in latency across the two conditions with thicker lines. This was the same pattern of results observed for mean RT: RT was longer for thin lines than for thicker lines (with no difference between medium and thick lines; see Table 1 ). An interesting aspect of these findings is that effects of intensive aspects of the stimulation affected mainly the amplitude of an early ERP component (the P1), with (if anything), very small effects on latency, whereas the effect on N2pc were mainly in terms of latency, with no systematic effects on amplitude. The N2pc latency effects were sufficiently large to account for all of the observed effects on mean RT. The results show that, in this situation, small amplitude effects on the P1 are transformed into latency differences quite early in processing (less than 70 ms later). It appears that stimuli with thinner lines were a less effective stimulus for attentional selection, causing a delay on the deployment of visual-spatial attention to the target.
Conclusion
The N2pc amplitude was insensitive to stimulus intensity, suggesting that the N2pc does not reflect a simple positive interaction of sensory bottom-up activity and attentional top-down signals. The N2pc onset latency, however, was delayed in the low-intensity stimulus condition, suggesting that the strength of the selection cue (which was the target color) determined the moment at which attention was deployed to the target location.
